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INTRODUCTION 

An inportant action in the management of equipment fleets is the replace- 
ment of an item of equipment.   Replacement is a simultaneous declaration of 
the final consumption of the investment in the old item and of the commitment 
of a significant added investment for the new item.   Important factors that should 
be considered in reaching a decision to replace are obsolescence of equipment 
relative to its defined mission, obsolescence of the defined mission in current 
and future tactics, and the total cost of fulfilling the mission effectively.   In this 
study, projections of the first and third of these factors are combined in deter- 
mining an "effective life"—an age at which more effective performance per dollar 
in the long run can be achieved by replacing an item than by continuing to operate 
the old item in its then current condition.   The second factor  is treated by as- 
suming that the range of mission requirements will remain relatively unchanged. 

This appendix consists of four parts.   The first is a detailed description 
of the effective life model.   The second is a discussion of the formula modifica- 
tions necessary to reflect changes in vehicle utilization.   The third is a descrip- 
tion of the development of the necessary parameters from the study data.   The 
fourth is a presentation of the detailed results of the calculations of lifetimes made. 

MODEL 

The in-use effective life of the equipment under study is defined as the 
age at which the minimum of a specific mathematical function combining meas- 
ures of vehicle effectiveness and cost occurs when the function's parameters 
are those determined from field experience data. 

Two monetary costs are considered:   the initial investment cost and the 
maintenance costs.   Costs are amortized in equal amounts for each time period 
in the life of the item beginning with the time period in which the cost was in- 
curred.   Costs are allocated against a defined effectiveness by attributing the 
effectiveness over a finite time period to the total of the costs amortized in the 
same time period.   - 

Relative effectiveness is defined as a product of three factors:   a measure 
of technological competitiveness (the inverse of obsolescence), a measure of 
equipment reliability, and a measure of equipment availability. 

The model assumed that relative competitiveness C(tj decays in time con- 
tinuously and exponentially as C(t) = (l+ir1 , where i is the obsolescence rate 
expressed as the ratio of competitiveness lost during a unit of time to the com- 
petitiveness at the beginning of the unit of time.   With this convention, relative 
competitiveness can always be assigned unit value at an arbitrary zero time. 
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Reliability in unit time is defined by R(t) -. l-h(t), where WO is the frequency 
of equipment failures per end item per time unit. The formula is an approxima- 
tion to e"11*''.   The latter form must be used when li(t) is not small. 

Availability is defined by A(t) = 1-A!i(t), where X is the mean time out of 
service per equipment failure regardless of reason.   The formula is an approxi- 
mation to 1/[I + Ah(t)] for small values of the product Ah(t). 

The condensed symbolic statement of relative effectiveness   q(t)    is:   q(() 
= C(t) • R(t) • A(t). 

A perfect, ageless item would have to have no decay in competitiveness 
(i = 0) and no failures during use [li(t) == 0] .   For such an item its relative effec- 
tiveness remains at unit value indefinitely.   Real items have changing effective- 
ness values of less than unity. 

The model combines costs and effectiveness by forming an unlimited 
number of quotients   c(t)/q(t)    that may be regarded as expressing an amortized 
cost per unit of perfect effectiveness at time t.   The model determines the mean 
E(T)   of the quotients over a life T.   The effective in-use life is defined as the 
age T, for which E(T) is minimum. 

The mathematical statement of E(T)is a specific construct using the ideas 
and notation introduced above.   Let i  be the cost of replacing the item, ci the 
cost of maintenance in time period   i , and cfl the relative effectiveness in time 
period i.   For discrete intervals the average cost per unit of perfect effective- 
ness at the end of the first time period is (1 + d)/!} ; after the second period it is 

2,->        ?J 12 

at the end of the nth period it is 

]{l/2 + cl/2     [/2 + Ci/2 + ciy 

I 'n + ci/'n     l/» + rj/n + c:2 (»-1) l/n + ci/n + Cz/in — l) 

A rearrangement of the last expression gives as the average cost per 
unit of perfect effectiveness per time period at the end of n periods 

C(H) =. 1 H |[ »  2   1 q, +   ^  ["c/U-i + l)   2   l/tiH I. 

j 
The model for discrete intervals has been made continuous by deriving 

the limiting form as the time periods are made arbitrarily small and the age 
t represented by the n original intervals is held constant, to yield 

Ed) - l/l [l/i fj ds  ij(s) t fcis) U~s) f'dnqir) (is | 

as the average cost over age I per unit of perfect effectiveness per unit of time 
at age I . The effectiveness function q(s) is q(s) ^ {I < i)-5 (l,-h(s)l 11-,\h(s)l; h(s) was 
approximated from field data by h{s) = a+bs , and q(s) was then quite well approxi 
mated by q(s) = fe~Ss,   The maintenance cost function c(s) was approximated from 
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field data by c(s) = A-Bs .   Introducing these functions into the expression E(t) 

gives 
Ed) - l-'i [l 'l £ ds/fes^ -. /o

! (.-\ + BS)/{i-.s) J^dr/ferflr dsj. 

Integrating EU) yields as the working expression used in this study for the 
average cost per unit of perfect effectiveness per unit of time over the age t 

[^O-Kel'-lVjgr- VfcäVflt     2   (-gi)'" ■„,(„,!)-Bl/(f""fll     *] (-<il)'"'m(m .-1)! 

E(l) is evaluated for values of I  until T such that Ed) = minimum E(t) is found. 
T is the defined effective in-üse life of the item. 

MODIFICATION OF  FORMULA   FOR CHANGES 
IN VEHICLE  USE 

In order to compare current vehicle models with those studied previously 
it was necessary to convert field observations to a common rate of vehicle use. 
Such conversions are also necessary to determine in-use lives at any other 
moderate levels of vehicle use. 

Two of the input functions are considered to be explicitly sensitive to 
utilization.   Of course any derived functions that depend on those two input 
functions are also sensitive to vehicle utilization.   The lives of parts were 
considered to be the same with respect to miles for moderate changes m 
utilization.   Costs were considered to consist of a portion constant with re- 
spect to time and another portion unchanged with respect to miles for moderate 
changes in vehicle utilization. 

Let u   be the observed rate of use.   Let u be some other rate of use.   Then 
the assumptions about sensitivity to rate of use when applied to the linear esti- 
mates derived from direct observation yield for another rate of use u: 

(i{() = u/u0 [a+(ii/ii0)bll 

c([) = Aj ni/uD [f\2-Au/uo) Bt] 

IS where A^is the portion of cost always constant with respect to time and A. 
the portion of cost that remains the same with respect to miles. 

To emphasize dependence on utilization the input functions are sometimes 
represented by Hi. u) and c(t,u). Any rate function that depends only on mileage 
transforms along a time axis according to the functional relation 

f(t, u). u/uAf(u/u0)t, u 1 

DEVELOPMENT   OF MODEL  PARAMETERS 

The input data required by the model are of two categories:   cost and 

effectiveness. 
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The end-item replacement costs I were taken to be an aver age of rece.U 
oro Jement pSs for vehicles for which lives were computed m this study. 
Table M contains the values of the I parameters used in the lue formula. 

TABLE Al 

Replacement Costs I o< Vehicles and Mobility Systems 

Considered in the Study 

Vehicle type 

Replacement 
cost, 

dollars 

MÖ0 lank 
M60 tank mobility system 

M113 XPC 
M113 APC mobility system 
M88 recovery vehicle 

146,000 
67,500 
26,700 
11,500 

132,000 

TABLE  A2 

Direct Track Costs per Vehic le 

Dol ars per 

Vehicle type Complete 
set 

Mile Montha 

M60 tank                                                  4520 
Ml 13 APC                                               3415 

M88 recovery vehicle                             6553 

2.05 
.95 

4.05 

266.50 
137.75 
380.60 

 . . J 
a
At observed usage rates. 

The mobility systems of the M60 tank and the M113 armored personnel 
carri^ (APC   werrconsidered to consist of the power train and the suspension 
system.   The mobility system cost for each vehicle was developed by totaling 
the reolacement cost of individual parts and components. 
^ Maintenance costs comprised the following: parts, P-^-^^ 
nvPrhead and labor. Parts costs were treated m four ways, one for each of 
three catties into which parts were classified during the study, and a spectal 

0,16 ' TrS'Lt was considered as having been incurred evenly over the track 
life     Track life varies only slightly.   In reality track costs are incurred cycli- 
cally over short, well-defined periods of vehicle life, resulting m temporary 
maintenance costs that are as much as five times the amount incurred during 
r'ods when track is not replaced.   With track costs made uniform the more 
genie mlintenance-cost trends of other parts can be well represented by a 
Sear approximation.   Table A2 shows track costs for the vehicles discussed 

1,1 ^ThfthJee general categories into which parts were classified are major 
assemblies selected parts, and other parts. Selected parts were parts con- 
"der'd to be important both for their costs and for their impairment of vehicle 

RAC-T-460 
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effectiveness on failure.   The selected parts, including major assemblies, are 
listed for M60 tanks and M113 APCs in Tables 12 and 13, Chap. 5, Vol I.   Data 
for maior assemblies and selected parts were collected for all vehicles in the 
RAC sample.   Data for all other parts were collected for only two battalions of 
tanks and three battalions of APCs.   From replacement rates based on the total 
sample, selected parts costs were computed for each interval of observed 
vehicle life.   By a least-squares regression a straight line was fitted to these 
points    The ratio of other parts costs to total parts costs excluding major 
assemblies and track was calculated for the units from which all parts data 
had been collected and analyzed.   This ratio was assumed to be constant over 
vehicle life, and the regression coefficients of the selected parts costs were 
enlarged to include other parts as well. 

Major assembly (engine and transmission) costs were computed as were 
selected parts costs, and a least-squares linear regression was applied to them. 

The approximation of total parts cost is a straight line that is the sum of 
the individually calculated major assembly and non-major assembly lines. 

Parts management overhead, often called «stock, storage, and issue    (SSI) 
costs  was taken to be 52 percent of the cost of parts excluding major assemblies 
and track.   This factor is taken from "The Cost of Supply Operations'" and is 
the same as that used in the previous RAC combat vehicle study. 

Labor costs at crew, company, and battalion level were taken essentially 
from Ref 3, with adjustment in the pay rate to reflect recent military pay raises. 
The conversion of the units in the RAC sample to ROAD TOEs occurred late m 
the study   so that through most of the study the TOE maintenance support re- 
mained as it had been during the previous study.   The crew sizes of the vehicles 
did not change.   The distribution of all available maintenance man-hours at 
company and battalion levels among the several studied and nonstudied vehicle 
types was assumed to be the same as that determined in the previous study. 
Field-maintenance labor costs were derived from data of the current study. 
Labor costs for all field maintenance performed were determined from a two- 
battalion subsample of tanks, a three-battalion subsample of APCs, and the total 
sample of M88 recovery vehicles.   For each vehicle an average field-maintenance 
labor cost per vehicle month was computed for the observed vehicle life.    Table 
A3 shows crew, company, battalion, and field (i.e., first-, second-, and third- 
echelon) labor costs for the three vehicles. 

TABLE  A3 

Labor Costs per Vehicle per Month 

Echelon M60 M113 MBB 

Crew (first echelon) 
Company (second echelon) 
Battalion (second echelon) 
Field (third echelon) 

Total 

S342.74 
164.18 
66.80 

2.80 

576..52 

$ 77.00 
140.58 
65.56 

4.56 

287.70 

S    0      a 

262.90 
98.78 

2.29 

363.977 

aNo regularly assigned crew.    Crew filled from regular maintenance personnel. 

Figures Al   A3   and AS show all assigned maintenance costs for the three 
vehicles including the labor costs as shown in Table A3.    For purposes of     • 
comparison Figs. A2, A4, and A6 show all assigned costs when crew labor costs 

9 
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Fig. Al—M60 Tank Maintenance Costs per Vehicle per Month, including First- 

Second-, and Third-Echelon Labor Costs Based on Available Maintenance 

Man-Hours and Averaged over Vehicle Life 

Average utilization,  130 miles per vehicle per month. 
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Fig A2—M60 Tank Maintenance Costs per Vehicle per Month, including 
Only Maintenance Labor Recorded as Expended at Second   and 

Third Echelons, and excluding Inspections and MWOs 

Average utilization,  130 miles per vehicle per month. 
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A3—M113 APC Maintenance Costs per Vehicle per Month, including First- 
scond-, and Third-Echelon Labor Costs Based on Available Maintenance 

Man-Hours and Averaged over Vehicle Life 

Average utilization,   147 miles per vehicle per month. 
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Fig. A4—MUS APC Maintenance Costs per Vehicle per Month, including 

Only Maintenance Labor Recorded as Expended at Second   and Third 

Echelons, and excluding Inspections and MWOs 

Average utilization,   145 miles per vehicle per monih. 
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Fig. A5- 
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Ava 

M88 Recovery Vehicle Maintenance Costs per Vehicle per Month, 

ing First-, Second-, and Third-Echelon Labor Costs Based on 

able Maintenance Man-Hours and Averaged  over Vehicle Life 

Average utilization, 94 miles per vehicle per month. 
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Fig. A6—M88 Recovery Vehicle Maintenance Costs per Vehicle per Month, 

including Only Maintenance Labor Recorded as Expended at Second 
and Third Echelons, and excluding Inspections and MWOs 

Average utiiizution, 94 miles  per vehicle per month. 
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Pig. A7_M60 Tank Maintenance Job Orders 

per Vehicle per Month 

Average utilization,  130 miles per tank per month. 
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Fig. A8—M113 APC Maintenance Job Orders 

per Vehicle per Month 

Average utilization, 147 miles per APC per month. 
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60 

Pig. A9—M88 Recovery Vehicle Maintenance Job Orders 

per Vehicle per Month 

Average ..tili zation, 94 miles per recovery vehicle per month. 
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are excluded and when the only second- and third-echelon maintenance labor 
costs included are those based on man-hours actually recorded on job orders. 
The resulting labor costs are considerably lower than those shown in Table A3, 
with a corresponding decrease in total maintenance costs. 

Effectiveness 

Three pieces of information are required to express effectiveness as it 
is defined in the preceding part of this appendix: i = obsolescence rate, h(t) 
= vehicle failure frequency, and X = mean time out of service per failure.   All 
except one of the obsolescence rates used in this study were taken from RAC- 
T-409.3   The exception is that used for the M60 tank, which was taken from a 
more recent analysis4 of the kind done in RAC-T-409,3 and which included a 
longer history of tanks.   (The obsolescence rate used for the M48 tank was 
0.050 [5 percent per year].   The effect of using 0.050 instead of 0.056 for the 
M60 tank would be to extend the effective in-use lives from 6200 miles and 
48 months to 6500 miles and 50 months.)   The obsolescence rate is assumed 
constant over the time frame considered by the study.   Obsolescence rates 
used for vehicles in the study are shown in Table A4. 

TABLE A4 

Annual Obsolescence for Vehicles 

and Mobility Systems 

Vehicle type 

Yearly 
obsolescence, 

TABLE A5 

Mean Time Out of Service per Maintenance 

Job Order Involving Replacement of 

Prime Mobility Parts 

Vehicle  type 
Job duration, 

Months 

M60 tank 0.056               1 M60 tank 0.19 
M60 tank mobility system 0.020             / M113 APC 0.22 
M113 APC 0.020 M88 recovery vehicle 0.35 
MH3 APC mobility system 
M88 recovery vehicle 

0 CO 
0.020 

The vehicle failure frequency was taken to be the sum of failure frequencies 
of prime mobility parts.   (Lists of the parts for the M60 tank and the M113 APC 
are contained in Table 6 of Chap. 4, Vol I.)   A least-squares linear regression 
for the failure frequencies and vehicle ages was made and used as hit) in life 
calculations.   Figures A7 to A9  show  li(t)for the vehicles discussed in this study. 

The mean time out of service per maintenance job was derived from data 
taken from field-maintenance job orders for third-echelon work and from the 
deadline report for second-echelon work.   The mean time out of service per 
maintenance job was assumed constant over vehicle life.   Table A5 shows the 
mean times out of service per job for the vehicles studied. 

RESULTS 

Detailed results of the many lifetime calculations made in the course of 
this study are contained in Tables A6 to AS.   In addition to results based on the 
"standard" parameters (those presented in the previous section), the influence 
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= effective in-use life 
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of variations of use rate on tank and APC lives has been examined because of 
the significant differences between the rate of utilization of the current model 
vehicles and that of their predecessors. 

Furthermore, tank lives were computed for a variety of purchase prices, 
at both the "standard" obsolescence rate and at a zero obsolescence rate.   Also, 
lives were computed assuming a reduction in downtime of 50 percent. 

Labor man-hours as they were recorded on job orders were costed and 
used as an alternative labor cost input to the calculation.   A set of lives to show 
this effect was also computed. 

Finally, lifetimes for mobility systems of the M60 tank and the M113 APC 
were computed. 

All these results are contained in Tables A6 to A8.   In most cases the 
direction of change in the calculated in-use effective life resulting from chang- 
ing a given parameter is predictable.   The magnitude of change is also of inter- 
est.   For example, the effect of improving (reducing) support system response 
time by 50 percent is to extend the life 10 percent or less at moderate rates 
of use. 

Graphs of the cost-effectiveness ratio, based on the standard parameters 
for each vehicle, are plotted in Figs. A10 to A12.   These figures show the 
minimum points that are defined to be the effective in-use lives.   The flatness 
of the curves around their minimums is striking and is discussed in Chap. 7, Voll. 

RAC-T-460 17 



- - -v 

Appendix B 

DATA SOURCES AND SAMPLE  SIZES 

20 Introduction 

Source Records: TAERS 

Data Coliection 

Data Reduction to Punched Cards 

Sample Density by Unit 

20 

22 

22 

Figures 
Bl.     Age Distribution of M60 Tanks Observed in USAREUR during 

Four Data-Gathering Trips 26 

B2.     Mileage Distribution of M60 Tanks Observed in USAREUR 
during Four Data-Gathering Trips 

B3.     Age Distribution of M113 APCs Observed in USAREUR during 
Three Data-Gathering Trips 

B4.     Mileage Distribution of M113 APCs Observed in USAREUR 
during Four Data-Gathering Trips 

B5.     Age Distribution of M88 Recovery Vehicles Observed in 
USAREUR 

B6.     Mileage Distribution of M88 Recovery Vehicles Observed in 
USAREUR 

B7.     Age Distribution of M60 Tanks Observed in 3d Armd Div, 
USAREUR;during Four Data-Gathering Trips 

B8.     Mileage Distribution of M60 Tanks Observed in 3d Armd Div, 
USAREUR, during Four Data-Gathering Trips 

89.     Age Distribution of M60 Tanks Observed in 4th Armd Div, 
USAREUR, during Four Data-Gathering Trips 

BIO.   Mileage Distribution of M60 Tanks Observed in 4th Armd Div, 
USAREUR, during Four Data-Gathering Trips 

26 

27 

27 

28 

28 

20 

29 

30 

30 

Tables 
Bi.     Sample of Three Vehicle Fleets, Seventh Army, USAREUR 24 

RAC-T-460 19 



^ 

INTRODUCTION 

All operational and maintenance data analyzed by this study were collected 
directly from Seventh US Army, USAREUR combat and supporting units.   The 
3d Armd Div and 4th Armd Div were the principal sources of M60 tank data. 
The 24th Mech Inf Div and 3d Armd Div-were the sources of most M113 APC 
information.   The records of M88 recovery vehicles were extracted in all 
visited units that possessed them.   More than 1400 combat vehicles comprise 
the total sample. 

Five battalions were designated "depth" or maximum-detail units.   In 
these five battalions all data relating to all combat-vehicle maintenance activity 
were extracted.   In the remaining units, data extraction was confined to infor- 
mation related to a limited list of parts and assemblies.   The depth units were 
among the first in USAREUR to receive the then new models of combat vehicles. 
They were also among the first to inaugurate the "temporary appointment pend- 
ing establishment of register» (TAPER) record-keeping system, the immediate 
predecessor of The Army Equipment Records System (TAERS). 

SOURCE  RECORDS:   TAERS 

TAERS followed TAPER and was begun by some units in Europe as early 
as January 1962.   By October 1962 TAERS had been introduced to all units. 
Most of the data analyzed in this study describe events that occurred during 
periods of TAERS coverage. 

A TAERS logbook is assigned to each combat vehicle.   The book consists 
of the following operational, maintenance, and equipment historical records: 

The Equipment Daily-Monthly Log (DA   Form 2408- 1) 

This form provides a daily record of miles and/or hours operated and 
fuel and oil consumed.   It also provides a month-by-month summary of vehicle 
operation. 

Equipment Maintenance Record (Organizational) (DA   Form 2408-3-1) 

This form provides a record of maintenance service and parts replace- 
ment performed by organizational (second-echelon) personnel. 

Equipment Maintenance Record (Support Echelon—Field 
and Depot) (DA  Form 2408-6) 

This form provides a record of field-maintenance  (third-echelon) repair 
and parts replacement. 
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Equipment Transfer Record (DA  Form 2408-7) 

The date of issue of a vehicle to the possessing unit is recorded on this 

page. 
Forms i.ot contained in equipment logbooks were also examined. 

Transaction Register for Supply Actions 

In the five depth battalions the parts-requisition registers were photo- 
copied at four 6-month intervals to provide a 2-year record of all parts requi- 
sitioned by the battalions. 

Maintenance Request (DA  Form 2407) 

This form is used by organizational units to request maintenance services, 
repairs, and modification work orders (MWO) to be performed by their support- 
ing field-maintenance units.   Field-maintenance units complete the form by re- 
cording their responses to the requests. 

Although all field-maintenance work on each vehicle should have been 
recorded on the DA  Form 2408-6 page of its logbook, several instances of 
omission were discovered.   In order to guarantee completeness of vehicle 
histories   the supporting field-maintenance units were visited and their re- 
cords carefully examined. 

Earlier Sources 

Prior to the introduction of TAPER and TAERS the principal sources of 
information at organizational units were the Organizational Equipment File 
(DA  Form 478) and the Current Work File (CWF).   DA  Form 478 provided a 
reasonably accurate record of major-assembly history that could be checked 
against data at field-maintenance units.   The Current Work File was often too 
sketchy and too subject to local interpretation to offer more than a fraction of 
the type of data desired from it. 

DATA  COLLECTION 

RAC data collection teams vistied USAREUR four times from February 
1962 through September 1963. Earlier experience had shown 6 months to be 
an efficient and convenient interval between collection trips. 

The data for each vehicle examined were recorded on an individual RAC 
data sheet.   Important identifying information was used to head each page: 
using unit, vehicle type and model, USA registration number, bumper number, 
and date of issue.   The serial numbers of original and replacement engines 
and transmissions were recorded when available.   The columnar arrangements 
of the main portion of the RAC data sheets closely corresponded to those of the 
logbook pages. 

Experience showed that logbook data extraction-in-depth battalions gen- 
erally required 4 to 5 man-days and that % to 1 man-day was required for 
reproduction of the parts-requisition register.   Other battalions generally 
required 2 to 4 man-days for the extraction of logbook data.   Data extraction 
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at a supporting field-maintenance unit averaged 1 to 1% man-days with varia- 
tion depending directly on the number of sampled battalions supported by the 
visited unit.   At field maintenance only the DA  Forms 2407 for units belong- 
ing to the RAC sample were pulled and recorded.   Man-hours were also con- 
sumed in entrance and exit interviews, travel, team conferences, and personal 
and mechanical maintenance.   Several special tests and exercises were attended 
by one or two team members.   All involved headquarters-coordinated visits and 
thereby greatly boosted team efficiency. 

DATA REDUCTION TO PUNCHED CARDS 

To be of value the collected data had to be reduced to a workable data bank. 
Because the data were intended to be used as the input to various analyses by 
this and other projects, it was advisable to convert the original data to accessible 
sortable form.   Punched cards were chosen as being best suited to the manifold 
requirements.   They could easily be used both for the many required one-time 
mechanical sorts and counts and also for the more highly repetitive sorting, 
counting, and calculating routines performed electronically.   The project's 
efforts can be described in order as: 

(a) The construction of an empirical history file of maintenance and 
parts events. 

(b) A series of different analytic operations all performed on the history 
file (data bank). 

(c) Interpretations of all processes and analyses. 
The transfer of data to punched cards may be considered to mark the 

completion of the first of these three steps. 
The original data were all converted to one of four card arrangements. 

All these cards are being retained at RAC for future analyses.   Arrangements 
can be made for responsible agencies and individuals to gain access to the bank 
of reduced historical data.   The four types of punched cards are described in 
the following paragraphs. 

History Card 

There is one history card for each vehicle in the sample.   It contains 
identification by vehicle type and model, using unit, USA registration number, 
date and mileage at issue, and date and mileage at last observation.   Any per- 
tinent remarks describing such things as evacuation, transfer, or wreckage 
are also included.   All calculations of the days in use and mileages that elapsed 
prior to some event must be determined by reference to the history cards. 

Parts Card 

The parts card contains several kinds of information extracted from.,.., 
equipment logbooks.   The title "parts card" has been used because most of the 
included information describes parts replacements; however, other types of 
events are also recorded.   For the five battalions studied in detail, all parts 
repairs, adjustments, and replacements are described.   In the other units. 
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only activity directly involving certain selected parts (Table 13, Vol I) are 
recorded    For all units, scheduled maintenance jobs (Q services) are each 
represented by a card.   Both organizational- and field-maintenance-activity 

data are described in parts cards. 

Field-Maintenance Cards 

Previously unrecorded data (i.e., missed at using units) discovered at 
supporting field-maintenance units are identified by a separate type of card 
with format and contained information very similar to that of parts cards.   The 
only real distinction between parts and field-maintenance cards is the source 
of their included information.   In an early stage of data reduction, information 
that appeared in both organizational and field-maintenance units also appeared 
in t^o separate RAC cards.   Duplication was later eliminated by retaining only 
the more complete card.   When both a parts and a field-maintenance card were 

complete, the latter was dropped. 

Requisition Register 

Information included on the photocopies of requisition registers was punched 
directly into cards.   The cards contain using unit, vehicle bumper number   ve- 
hide USA registration number, date of order, date of delivery, q^ntity, federal 
stock number, abbreviated parts nomenclature, and disposition (filled or can- 

celed). 

Summary 
     Data reduction was the most time-consuming phase of the project's efforts. 
The processes employed were all straightforward.   The data came   rom dozens 
of units and had to be edited for consistency and nonduplication at all steps. 
Editing and correcting were primarily manual operations.   It was not practical 
to develop a computer routine general enough to handle all the editing chores. 
The analytical routines employed in later stages of the study required highly 
refined input.   If the only objective had been to print histories of vehicles, a 
much less refined data bank would have been sufficient and much editing could 
have been omitted.   However, multiple edits and checks were required to put 
the TAERS-type data into a form analyzable by RAC. 

SAMPLE  DENSITY BY   UNIT 

One of the basic operations performed on the data bank of vehicle histories 
was the construction of a descriptive summary of the density of the sample and 
the average vehicle age and mileage for the various units studied.   Battalion- 
by-battalion listings of the number of vehicles studied, months of coverage, 
average monthly mileage, and average accumulated mileage are given for 
M60 tanks, M113 APCs, and M88 recovery vehicles in Table Bl. 

Distributions of months covered and accumulated mileages are shown for 
the total samples of each vehicle in Figs. Bl to B6.   In Figs. B7 to BIO, distri- 
butions for each armored division of M60 tanks of the sample are shown. 
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TABLE  Bl 

Sample of Three Vehicle Fleets, Seventh Army, USAREUR 

Number Average Average Average 

of months   in miles per total 

Unit vehicles service month mileage 

M60T ank 

3d Armd Div 
3/33d Armor 
3/12th  Armd Cav 
2/32d Armor 
l/33d Armor3 

2/33d Armor 
4th Armd Div 

2/1 5th Armd Cav 

Regt 

Regt 

250 
54 
31 
66 
-?— 

22 
323 

20 

23 
23 
19 
22 
24 
23 

20 
20 
6 

21 
20 
20 
21 

• 142 
124 
179 
137 
161 
117 
115 
124 
145 

3264 
2859 
3406 
3024 
3856 
2702 
2305 
2473 

870 
24th Engr 
2/35th Armor 
l/37th  Armor 
3/37th Armor 
2/37Ü1 Armor3 

55 
55 
18 
56 
72 
10 

SI 
33 
34 

112 
120 
121 
118 
103 

2347 
2391 
2485 
2472 
2173 

4/35th  Armor 
Special training vr-h 15 

0 9 

96 
1 31 

1434 
2871 

24th Inf Div 
l/70th Armor   ■ 
2/'70th Armor 

22 
22 

127 
134 

2792 
2947 

Total average 2739 
USAREUR 640 21 130 

Mm APC 

24th Tnf Div 
3d Bde 
1/19 Inf 
1/21 Inf 
2/21 Inf 
1/34 Inf 
3/19 Infa 

2/34 Inf 
3d Armd Div 

3/33 Armor 
1/33 Armor 
3/36 Infa 

1/48 lnfa 

2/48 Inf 
4th Armd Div 

51st Inf 
2d Armd Cav  Regt 

1/2 Armd Cav Regl 
2/2 Armd Cav Regt 

„ 3/2 Armd Cav Regt 
14th  Arnui Cav Regt 

1/14 Amid Cav Regt 
2/14 Armd Cav Regt 

Total average, 
USAREUR 

357 

82 
72 
31 
78 
19 

18_5 

14 
17 
61 
27 
66 

63 
64 
20 
23 
21 

li 
19 
19 

707 

li 
14 
18 
18 
17 
18 
21 
20 

Hi 
14 
14 
20 
19 
16 

1 1 
17 
17 
18 
16 
22 
23 
20 

18 

164 
173 
132 
157 
174 
158 
171 
1 39 
155 
108 
129 
I 55 
189 
170 

111 
116 
128 
1 10 
109 
100 
98 

107 

147 

2945 
2418 
2382 
2830 
2957 
2840 
3656 
2772 
2796 
1506 
1806 
3097 
3583 
2726 

12M 
2184 
1973 
1744 
2206 
2265 
2147 

2654 

24 
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TABLE   Bl (continued) 

Number Average Average Average 
of months   in miles per total 

Unit vehicles service month mileage 

M88 Recovery Vehicle 

3d Armd Div 26 19 93 1760 
3/33 Armor 5 18 92 1654 

3/12 Armd Cav Re g* 6 17 105 1783 
2/32 Armor 5 20 80 1607 

1/33 Armor 6 18 109 1963 

3/36 Inf 1 29 59 1722 

2/36 Inf 1 15 109 1630 

2/33 Armor 2 20 91 1815 

4th Armd Div 27 17 98 1662 

2/35 Armor 6 16 103 1643 

1/37 Armor 6 19 92 1754 

3/37 Armor 1 19 111 2109 

2/51 inf 3 18 68  - 1217 

4/35 Armor 6 17 105 1793 

2/37 Armor 5 18 90 1615 

24th Inf Div 10 20 76 1516 

3/19 Inf 5 19 45 857 

1/70 Armor 2 22 101 2226 

2/70 Armor 3 20 107 2142 

2d Armd Cav Reg 10 19 79 1508 

l/2d Armd Cav Regt 2 22 88 1933 

2/2d Armd Cav Regt 4 16 82 1310 

3/2d Armd Cav Regt 4 20 7 5 1493 
14th Armd Cav Regt 10 21 114 2404 

1/14 Armd Cav Regt 6 24 119 2847 

2/14 Armd Cav Regt 4 1.9 92 1740 

Total averag SJ 

USAREUR 83 19 91 1746 

'"'Subject of intensive data collection and analysis 
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INTRODUCTION 

The ideas of "maintenance event" and "maintenance-event rate" are basic 
to an analysis of effects of maintenance on operations.   A "maintenance event" 
is any action taken to correct or prevent an equipment operational deficiency; 
for example, engine replacement, lubrication, point-gap adjustment, or radiator 
repair.   A "maintenance-event rate" is the frequency at which a maintenance 
event occurs.   Frequency is the ratio of actual occurrences to the total possible 
occurrences.   A maintenance-event rate may be used as a convenient base from 
which to estimate equipment availability and costs of maintenance by associating 
labor, parts, supply, storage, and issue costs and elapsed periods of equipment 
unserviceability with each maintenance event.   For events associated with ve- 
hicle disablement, the event rates are direct measures of equipment unreliability 
due to those events   and the appropriate combination of all such event rates is 
a measure of the equipment reliability.   And, when the event is a part replace- 
ment, the event rate is a parts demand rate. 

The reduction of raw data of the form "event x occurred to equipment 
number y at equipment age z" to an event rate for event x at equipment age z 
is an important step in maintenance analysis.   The computer program described 
below performs this basic reduction of events data to events rates as a function 
of equipment age.   The equipment sample size may vary with equipment age; 
the program is designed to process changes in the numbers of event occurrences 
and of possible event occurrences. 

RATES 

The calculation is oriented toward events that can occur only once to a 
particular component of an item of equipment, e.g., "replacement of the second 
replacement engine."   For such events   a hazard rate for first (original) com- 
ponents is developed, and a quasi-hazard rate for second- and higher-order 
components is developed.   "Hazard rate" is the event rate expressed as a fre- 
quency of event occurrence among only those components that have not yet 
experienced the event.   "Quasi-hazard rate" is used here to describe a rate 
expressed as a frequency of occurrence among only those items of equipment 
that have not yet experienced it   but is not a true hazard rate in two ways: 
(a) items of equipment are included in the rate's divisor (rate is a ratio: 
occurrences/possible occurrences) regardless of whether they have yet expe- 
rienced necessary prior events (e.g., the divisor of third engine replacements 
includes all equipments that have not yet experienced third engine replacements, 
including those that have not yet experienced even their second or their first); 
(b) it is expressed as a function of equipment age rather than of component age. 
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Then, from first-event hazard rate, first-event rate is developed, and from 
second- and higher-order-event quasi-hazard rates, second- and higher-order- 
event rates are developed.   The calculation proceeds to event rates via hazard 
and quasi-hazard rates to avoid bias in the censoring of the sample by the 
sample age distribution; the bias introduced when the proportion of event- 
experiencing equipment among items appearing in age interval but not in n+ 1 
differs from the proportion among all equipment appearing in age interval M . 
In addition, the true hazard rate is itself a fundamental quantity. 

Rates for events that are not truly ordered in the sense of 1st, 2d, ... , 
nth are also computed using the same routine.   However, for these events the' 
output of hazard rates, quasi-hazard rates, and 1st-, .  .  . , nth-order event 
rates have no readily useful meaning with respect to event order.   The sum of 
the so-called "Ist-, .  .  . , nth-order event rates," called simply the "event rate" 
for an event has the intended meaning.   Events of this kind may be characterized 
by any one or combination of the following:   the event may occur more than once 
to the same component; the order of the event may be unknown; and more than 
one of the same kind of component may be present in the equipment in such a 
way that the particular one experiencing the event may be unknown. 

A brief technical exposition of the rates may be found in App D in the 
section "Replacement Rates and Mean Lives." 

ROUTINE 

An outline of the flow and generation of information in the events rates 
routine is shown graphically in Fig. Cl and verbally below. 

The rates-computation routine requires events data consisting of event 
identification code, equipment serial number, equipment age when the event 
occurred, and a code indicating whether the event is amenable to an ordered 
rate interpretation such as that described in the first paragraph of the preceding 
section, or whether it is amenable to only the nonordered interpretation described 
in the second.   The routine also requires parent-sample identification data, con- 
sisting of the serial number, the age at which observation in the sample began, 
and the age at which observation ended for each item of equipment in the sample. 
These data are regarded as two files:   an events file and an equipment file. 

The rates routine assumes the existence and use of an appropriate sort 
routine.   Beginning with the two sorted files, the rates routine proceeds in two 
phases:   in Phase I the desired elements of the two basic data files are placed 
on one tape; in Phase II the output tape of Phase I is the input from which the 
rates are computed.   In Phase I it is possible to form any subsample of the 
sample so that rates can be computed on the basis of subsamples, and it is 
possible to select among the events.   The format of Phase I output is a sequence 
of one or more "jobs," each job being at least two data blocks of which the first 
is the sample or a subsample, and each of the others is an event the rate of 
which is to be computed for the equipment sample or subsample of the job. 
Phase II computes a rate for each event block on the Phase I output tape. 
Phase II has two parts:   part 1 is a frequency count of actual and possible events 
for age intervals of a length specified as an input to Phase H, beginning at age 
zero and ending with the interval containing the age of the oldest sample or 
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subsample item; part 2 computes hazard and quasi-hazard rates and event 
rates for each age interval. 5 (, 

The printed output lor an event rate is contained on six pages.1''   The 
first page is a cover identifying the event, the sample, and the age interval 
size.   The remaining five pages are of the format shown in Fig. C2, and con- 
tain information shown in the accompanying tabulation. 

Page Contents 

2 Event count 
3 Equipment exposure count 
4 Hazard and quasi-hazard rate 
5 Event rate 
6 Cumulative event rate 

A set of output pages for M60 tank engine replacements is shown in Figs. 
C3 to C8. 

VEHICLt ' M60 lANK" 
SAMPLE TOTAL 

TtCE  SbUWbNI lüü.NlLtb " 
EVENT ENGINE 

Fig. C3—Cover Page, Page 1 of the Six-Page Set Constituting 
M60 Tank Engine-Replacement-Rate Output 
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Fig, C4 — Event-Count Page, Page 2 of the Six-Page Set Constituting 
M60 Tank Engine-Rep!acemenf-Rate Output 
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Fig. C5 — Equipment-Exposure-Count Page, Page 3 of the Six-Page Set 

Constituting M60 Tank Engino-Replacement-Rate Output 

RAC-T-460 37 



RUKRPr^.l       21   CM   (,',      RATES,^6p_ FNGINE   RPL      JO 100.MILTS 

0." 
0. 

c. 
c. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

"0.  
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
c. 
0. 
0. 
0. 
0. 

■ 0. 
0. 
0. 
0. 
0. 
0. 
0.     " 
0. 
0. 
0. 

0. 
0. 

"0. 
0. 
0. 
0. 
0. 
0. 
0.     " 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

■"  0." 
0. 

0. 
0. 

"   0. 
0. 
0. 
0. 
0. 
0. 
0.       ' 
0. 
o. - 
0. 
0. 
0. 
0.    " 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0.""" 
0. 

"    0. 
0. 

c. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

"      0. 
0. 
0. 
0, 
0. 
0. 
-or'- 

0. 
0. 
0. 
0. 
0. 

" 0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
07 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

" 0. 
0. 
0. 
0. 
0. 
0. 
07 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

O.C03 
O.CC3 

             —07006 
O.C06 

0". 
0.0G2 

" 0.002"" 
0. 

0. 

0. 
0. 
0. 
0 .  " 
0. 

"0".    " 
0. 
0. '   " 
0. 
TOT- 

0. 

O.CU ---- 
•0.007 
o.mi 
0.008 

         TT.COT 

0.C02- 
      O.OOT 

0.010 

0. 
-or 
0. 

"in 
0.002 

              -   trroTT 
0.016 

0. 
0.C03 0. 

"0. "" 
0. 

0. 
0. 
0. 

0.C2R 
0.019 

0.003""" 
0.002 
0.005" 
0.007 

O.O'iO 
0.017 

0. 
0.002 

"   D". 
0. 0. _.   .— 

      07C1T 

0.028 
0V0D7" 
0.006 
0.002 
0.01) 

■0.003 
0. 

u. 
0.002 0. 0. 

■   "       ■0.022 
0.039 

" 0."' 
o.ooz 

"O.  
0.003 

■■" 0".  
0. 

0. 
0. 0. 

0.043 

 0". 
0. 

"   0. 
0. 0. 

0.C32 
■ o.on 

0.016 
0. 
0.004 0, 

""   0.004" 
0. 

--o~" 
0. 

0. 0. 

C.C3T 
0.020 

■ U.CÜ4"" 
0.01C 

""0"".""""" 
0.013 

0. 
0": 
0. 

0. 
0. 

--OT-* 

0. 
"" "07 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
 "0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
—c. 

0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
Q. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

0.t)3l 
0.017 

 onrnr 
0.039 

O.ült 
O.OIC 0. 0. 

0. 
0. 
0. 
0. 

"" Ö."" 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
n m 

0. 
-0. 

0. 

0.057 
0.017 
Ö.C19 
0.047 

or 
0. 
0.C14 
0. 

0. 
" 0." "" 

0. 
— --■■■         a.ißir 

0. 
"  "0.C3B 

0. 
0.062 
0. 

0. 
0. 
o.oas 
0. 
0. 
0. 

"  '0.'""" 
n. 
0. 
0. 

-0. 

0. 
0.023 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

.-0. 
0. 

if. 
0. 
0. 
0. 
0. 
0. 

Fig. C6-Hazard- and/or Quasi-Hozard-Rate Page, Page 4 
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INTRODUCTION 

In this appendix are collected brief formulations of a number of notions 
discussed in the body of the report. 

AVAILABILITY POTENTIAL 

By definition the availability potential B relative to some disability or 
disabilities is 

B = 1/(1+hA), 

where It is rate of occurrence of the disability(ies) per unit of nondisabled 
time, and X'is the time consumed in restoring serviceability.   The word 
"potential" has been included in the name because both It and X may vary with 
time and because the entire process is subject to chance effects.   The availa- 
bility potential as defined is the steady-state probability that an item selected 
at random from a homogeneous collection of items that fail at the constant 
rate fe and are restored in the constant mean time X is" operable; it is the value 
toward which such actual probabilities in a dynamic situation tend instantaneously. 

SUCCESS  INDEX 

The age-dependent march-success index S(s, t) is defined as 

S(s,()!-f-
Lh(s)/[l+s/lli(s)l 

where       L = march distance 
h(s) = rate (per unit of distance) of occurrence of disabilities 

X = mean duration of a disability 
t = vehicle age in time units 
s = vehicle age in accumulated use 

This formula concisely expresses the likely success of the combat vehicle in 
its dual role,  it includes the availability potential as the measure of probability 
that a vehicle is available (operable) in 1/11 +(s/0 his)] and the probability that an 
available vehicle will complete a march of length L unimpaired in   e-Lh(s) .   As 
the product of these probabilities the success index is a measure of the proba- 
bility that a vehicle is both ready and durable enough to attain a destination for 
engagement a distance L away.   The expression e-Lli(s) is an approximation of 
•xp [ - f his) as] valid when h(s) changes very little over a range 
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PIPELINE  NOMOGRAM 

The number of items in an overhaul pipeline at equilibrium is 

P = NuA/s, 

where P = number of items in the pipeline 
N = number of in-use items 
u = item use rate 
X = time required to restore an unserviceable item to serviceability 
S = mean item use per replacement 

By equilibrium is meant a situation in which N, u, \, and S are constant. 
The pipeline discussed in this model has the following characteristics: 

(a) It is the sole source of serviceable items. 
(b) It is the sole recipient of unserviceable items. 
(c) All items not in use are in it. .        ■ ■ 
The equilibrium assumption has its value in that even the most changeable 

parameter, S, changes slowly enough that approximate equilibrium obtains for 
many items over periods of time on the order of a supply cycle in length. 

ANNUAL "BILL" OF A BALANCED FLEET 

The annual bill of a balanced it-part fleet is 

C =   £    N.u. [(l./S.) i-Ml 
1=1     '  '      '     ' ' 

where   C = the annual cost 
i = one of the fleet segments 

N, = the number of vehicles in segment i 
Uj = the mean annual usage of vehicles in segment  i 
!j = is the cost for fleet segment i to acquire a vehicle (K is the cost 

of a new vehicle; subsequent L represent rehabilitation and trans- 
portation costs associated with transferring the vehicle from seg- 
ment i- 1 to i ) 

S   - the usage a vehicle accumulates during its presence in fleet seg- 
ment i 

M] = the operating cost per unit of usage of a vehicle in fleet segment i 
The balanced fleet discussed is characterized by the following: 

(a) There is a flow of vehicles from fleet segment i-l to fleet segment! 
for i = 2,3,.   .   . n. 

(b) Every vehicle makes this passage. 
(c) The numbers of vehicles, usage each accumulates, and use rates in 

the segments are such that for each segment the inflow is exactly equal to the 
outflow. 

(d) Only new vehicles flow into fleet segment 1. 
(e) Vehicles flowing out of fleet segment n flow into salvage.   Such balance 

implies the following relations: 

(Nii'L) _, = (\u/L)   'i -2, 3. .... ii. 
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CONFIDENCE   LIMITS  FOR MILES  PER 
JOB-ORDER CALCULATION 

The confidence limits plotted in Figs. 19 and 20 in Chap. 4, Vol I, were 
derived by assuming that replacements of prime mobility parts were Bernoulli 
events occurring in a sequence of independent trials, where a trial was taken 
to be the exposure of one vehicle to 100 miles of operation.   With this conven- 
tion a sampled 500-mile interval contained as many as several thousand trials. 
Actually   the confidence limits were placed on the number of events observed, 
and the confidence limits of the reciprocals, "miles per replacement action," 
were taken to be the reciprocals of the confidence limits of the number of events. 

REPLACEMENT RATES AND MEAN LIVES 

Replacement Rates 

Raw data of the kind "at vehicle age x miles vehicle number y had its 
engine replaced for the ith time" were reduced to replacement rates as a 
function of vehicle age by the following calculation:   Let the part under discus- 
sion be engines.   Let N^ be the number of vehicles observed during the ith age 
interval that had experienced no engine replacement in the previous (i-l) inter- 
vals.   Let M^be the number of first engine replacements observed among the 
Nljvehicles in the ith age interval.   The ratio 

was formed.   In much literature kli is referred to as the hazard rate.   By 
recursion 

were computed.   The r,, are called simply the first-engine-replacement rate. 
The ky are estimates of conditional probabilities of first-engine replacement- 
the condition being that the vehicle is known to have not yet experienced its 
first engine replacement.   The r^are estimates of probabilities of first-engine 
replacement if it is not known whether the first replacement has occurred. 
Cumulative first replacements through n age intervals are 

cum        .      .     I i 

For replacements beyond the first one an analogous approach was taken.   Let 
N   be the number of vehicles observed during the ith age interval that had not 
experienced a jth engine replacement in the preceding (i-l) intervals.   Let M^ 
be the number of j th engine replacements experienced in the ith. age interval 
by the Nj, vehicles.   Then 

It.. = M../N.. 

were computed, and by recursion 

^i.V^i-1-0- 
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The fejj, j * 1 are not hazard rates as were the fe,..   They are merely a 
convenient device for computing r,,-, / * l, which when cumulated approximate 
the cumulative rate derived via true hazard rates to within 0.5 percent near 
the median lives.   Proceeding to replacement rates via hazard and quasi- 
hazard rates (as fe^, j * i, have been coined) removes whatever bias may exist 
in the censoring of the sample between age intervals i andi + Iof the kind "the 
proportion of vehicles observed in n but not in n + lthat had experienced ith en- 
gine replacement was a * r-        ." 

mu      i-u '" cum 

The theoretical replacement rates for major assemblies were derived by 
fitting a known distribution function to the first-replacement curves and assum- 
ing that subsequent assemblies would perform as well as the firsts    Let the 
distribution fitted to first replacements be fs , where s is the age of the assembly 
measured m discrete age intervals.   Let h2i be the expected second-replacement 
distribution if the second assemblies perform the same as the originals   where 
•  is the age of the vehicle.   Such a process is called a «renewal" process and by 
the renewal equation ' * 

Similarly, 
2   f  ■ (,. 

i = i   s    "' 

£        Itr, 
s=l     * 

and in general 

The probability of replacement of any order is 

The projection of major assembly replacements from 3000 out to 5000 miles 
was made by deriving a linear approximation to the fe^and projecting that to 
5000 miles.   Then, by the procedures described above, r-,, were computed and 
set equal to f1 , and hj were computed. 

Mean Lives 

Mean lives quoted in the body of the report are derived by 

where     ^ = the mean life 
rij = the probability of a first replacement of the assembly in question 

in age interval i 
i = an age interval 
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INTRODUCTION 

This appendix contains the basic engine and transmission replacement 
data that were the basis of the theoretical curves shown in Chap. 2, Vol I. 
The first portion of this appendix gives actual replacement rates for the total 
USAREUR sample as a function of mileage; the second portion gives cumulative 
replacement rates for the two armored divisions and for (he total USAREUR 
sample as a function of both age and mileage. 

ACTUAL  ENGINE  AND  TRANSMISSION   REPLACEMENT 
RATES   FOR TOTAL   USAREUR  SAMPLE 

The actual engine and transmission replacement rates from which the 
theoretical curves of Chap. 2, Vol I, were derived are shown in Figs. El to E3. 
The raw data and computed rates are contained in RAC unpublished docments.5-6 

A detailed description of the contents of these references is contained in App C. 
The calculated rates tabulated in the references are for 100-mile incre- 

ments of age.   The points plotted in this section of App E are not the tabulated 
points but are the tabulated points smoothed by threes; i.e., a point X plotted 
for 100-mile increment i   is ' 

X-(ti_1+t,, + t.il)/3! 

where the t's are the values tabulated in the RAC studies.5'6 

In the terras of App D in the section entitled "Replacement Rates and Mean 
Lives," the replacement rates plotted are simple (r), not conditional (te), rates. 
They are  r,    Xj_ , r,, , where j is the order of failure.   Thus they are replace- 
ment rates for all orders taken together.   In practice,   rn  = 0, j > 3, for the age 
range shown. 

CUMULATIVE   ENGINE     AND  TRANSMISSION  REPLACEMENT  RATES 
j» 

The remaining figures of this appendix show raw cumulative replacement 
rates of the major assemblies discussed in this study plus those of the prede- 
cessor M48A2 tank plotted as a function of mileage and time since issue of the 
vehicles.   Various comparisons are made.    Figures E8 and E9 contain com- 
parisons of separate plots of the 3d and 4th Armd Divs. 

The effects of rate of utilization should be kept in mind when examining 
comparisons of vehicles or divisions, especially when their rates plotted in time 
are compared.   In particular the divergence of the curves of Fig. E10 could be 
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largely accounted for by the fact that the M60 tank was being used at almost 
twice the rate of the M48A2 tank if one held that the replacement rate depended 
mainly on miles since issue.   Further support could be adduced to the similarity 
of the curves of Fig. Ell.   The reverse case could be made in Figs. E8 and E9, 
considering that the use rate of 4th Armd Div tanks was only about 81 percent 
that of 3d Armd Div tanks.   Still other accountings are possible if it is assumed 
that over a range of moderate rates of use a higher use rate results in fewer 
replacements per mile.   Such an assumption makes the mileage comparison of 
divisions (Fig. E9) show greater similarity and the mileage comparison of ve- 
hicles (Fig. Ell) show less similarity. 

Replacement curves' in Figs. E4 to E21 have been extended to the greatest 
age (beyond the sample average) at which the sample still included 100 vehicles. 
Replacement-rate curves for M88 recovery vehicle parts are exceptions to this 
rule because only 83 M88 recovery Vehicles were observed.   M88 vehicle curves 
stop at the average M88 vehicle age of 19 months. 
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Transmissions Combined, 3d Armd Div, USAREUR, 
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132 engines replaced; 30 transmissions replaced. 
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Fig. E7—Cumulative Replacement Rate of M60 Tank Engines and 

Transmissions Combined, 4th Armd Div, USAREUR, as 
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111  engines replaced;  48 transmissions replaced. 
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286 engines replaced; 91 transmissions replaced. 
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97 engines replaced; 55 transmissions  replaced. 
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97 engines replaced;  55 transmissions replaced. 
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31 engines replaced; 37 transmissions replaced. 
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31   engines replaced;  37 transmissions replaced. 
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31  engines  replaced;  37 transmi ssions replaced. 
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Appendix F 

ANALYSIS OF  THE  RECORDED  MAINTENANCE  HISTORY OF  17 
M60  TANKS SELECTED TO TEST  THEIR  ENDURANCE 

UNDER  CONTINUAL USE 

B Co, 1st Rn, 33d Armor, 3d Arrnd Div 
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F14.   Of Fuel-Injection Pumps of M60 Tanks 
F15.   Parts Replacement Actions in Scheduled and Nonscheduled 
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Maintenance of M60 Tanks 
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INTRODUCTION 

USARFufn3"? ^t^ tankS Were aSSigned t0 Units of the Seventh Army, 
of B Co^t BT   Jsd A ^/" .LOgiStiCS (DCSLOG) de-g-ted the 17 Lks ol B Co, 1st Bn   33d Armor, 3d Armd Div, as test vehicles in a study of the en- 
durance of the M60 tank under continual use.   During this test only the norma 
ma|ntenance support was to be provided.   DCSLOG then requested that RAC 
collect   he pertment data, develop a detailed maintenance history of these tanks 
and analyze these histories in terms of endurance limits 

of tariVinThT"1260! thaVhlS SPeCial Study haS Iimited vaIue because "^ number 
hnw. 1 ?P     1S t00 Sman t0 pr0vide a suitable statistical basis.   It is 
tZstLllT     COmPletHe hiSt0ry t0 date 0f the --Penance requirement     or tanks that have experienced more than 5000 miles of continual use. 

MAINTENANCE   HISTORY 

Introduction 

A comprehensive sfudy of several types of newly issued tracked vehicles 
was undertaken by RAC in 1962.   The findings of this study are presented in 
this memorandum.   Because it is based on a very limited sample this memo- 
randum cannot be used as a basis for predicting the maintenance requirements 
of a fleet of several thousand tanks.   Although the number of tanks constituüng 
the sample is small, the data collected on them represent the most complete 
maintenance history ever developed on tanks that have an average of nearly 

IZoTnTi*       TT0'1-   ThlS aPPendlX 1S intended t0 Sh0w the maintenance 
mile, nf L ' T        y, PreSenting what actionS were performed in relation to 
miles of operation, what echelon of maintenance performed the work  the labor 
man-hours involved, and the cost of parts replacements.   In an eSort to rn^e 

^eTLTsZZ^T1 ^^ lnte— a- eo^pa^isons with data on 

For approximately 2 years, maintenance and operational data were col- 

umlTrZ^T/6 r1"131' 0f theSe VehlCleS aSSigned to battalion-sized combat 
ZlZu fm Germany-    Flvc oI these units were designated by RAC as 

collecte^in3;   "H
6
"; T1^ f

f
r0n: WhiCh a11 PertlnCnt mai"tenance data would be 

The ist Bn   33d A VfT ^ POSSlb!C ^ thC three ^ of vehic^s. The Is   Bn   33d Armor, 3d Armd Div, was selected as a "depth unit" because 

IVta^s Rr^TH90 Kbattali0n ln USAREUR t0 reC-elvc ^ complement of M60 tanks B Co of this battalion was subsequently designated by DCSLOG as 
the unit to test the endurance of the M60 tank. Relative to this test DCSLOG 
requested that RAC prepare a paper based on the maintenance data cSec^d 
on the tanks from this company. ^uijeciea 
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Since it was the first battalion-sized unit in the Seventh Army to receive 
its complement of the new tanks the 1st Bn, 33d Armor was immediately sub- 
jected to close observation by personnel from various interested agencies in- 
cluding RAC.   Because of this surveillance some unavoidable bias on the plus 
side is probably reflected in the maintenance data collected from the unit.   With 
the exception of B Co the collection of data from the battalion was completed 
as of 30 Sep 1963; collection of B Co data continued through June 1964.   Although 
B Co's tanks were still in operation in Dec 1964, most of the other tanks in the 
battalion have been turned in for depot repair. 

With few exceptions the new tanks were assigned to the battalion over a 
3-day period in May 1961.   B Co received its complement of M60 tanks on 15 
May 1961.   About a month after issue one of the original tanks was replaced. 
This replacement tank was in turn replaced but it had logged over 4000 miles 
before this occurred.   The maintenance data related to this vehicle have been 
retained and included in calculations performed through its last mileage of 
approximately 4200 miles.   The maintenance and operation data collected on 
B Co's M60 tanks represent a continuous maintenance history covering 613 
tank-months and 97,000 tank-miles.   On 30 June 1964 the original tanks assigned 
to the company had an average of 5707 miles per tank.   The variation around 
this average end-mileage ranged from a low of 4888 miles to a high of  6077 
miles.   During the 30 months for which operation data were available the tank 
utilization per month averaged 162 miles.   The range of average utilization for 
these tanks was from 25 to 312 miles per month.   The average miles per month 
were derived from the data collected from the Equipment-Daily-Monthly Log 
(DA  Form 2408-1) of the Army Equipment Records System (TAERS).   This is 
one of the several forms contained in the TAERS logbook, which is placed on 
vehicles under this system for the purpose of collecting pertinent maintenance 
and operation information.   This system was introduced in the 3d Armd Div in 
January 1962, and the collection of monthly mileage data began at that time. 

In addition to the TAERS logbook, information was collected from the 
Organizational Equipment File (DA   Form 478), the Current Work File (CWF), 
Document Register for Supply Actions (DA  Form 2064), and Maintenance Re- 
quest (DA   Form 2407).    For ease and efficiency the information collected was 
transferred to electronic accounting machine (EAM) cards.   This facilitated 
the elimination of duplicate data, development of part replacement rates, and 
the numerous information sorts required for an analysis. 

Parts Replacement 

Between May 1961 and June 1964 the records show that 1463 replacement 
actions were performed on B Co's tanks.   A replacement action can involve the 
replacement of one or more parts with the same Federal Stock Number (FSN) 
at the same time; e.g., one replacement action could mean the replacement of 
1 track-shoe assembly or 162 track-shoe assemblies.   Table Fl shows the total 
number of replacement actions, FSNs used, parts used, and total cost of the 
parts replaced. 

In the absence of actual overhaul cost, engines and transmissions were 
costed on the same basis as that used for crediting an economically reparable 
item by the Stock Fund to the Operation and Maintenance Army fund.   The credit 
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allowed on such items is 70 percent leaving a 30 percent charge for the item. 
This method of costing has been used to develop a price for major assembly 
replacements.   All other parts replaced have been costed at list price. 

TABLE  Fl 

Maintenance Replacement Activity 

(B  Co,   1st  Bn,  33d  Armor) 

Rep lacement 
actions 

1 163 

FSNs 
used 

Parts 
used 

418 11,77 

aF,ngine and transmission at 30 percent of list price. 

Ports 
cost" 

$4,15,45) 
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15 Tanks Company □ Tanks 

A graphic representation of B Go's tank-parts replacement activities by 
1000-mile increments is shown in Fig. Fl.   The scale on the left-hand axis of 
the chart shows the number of replacement actions per B Co per 1000 miles; 
the scale on the right-hand axis shows the average replacement actions per 
tank per 1000 miles.   From this chart it can be seen that, as the tanks aged 
in miles, replacement activity increased from 83 actions for the 17 tanks in 
the first 1000-mile interval to 350 in the sixth 1000-mile interval.   It also 
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shows that the average number of replacement actions per tank in the sixth 
1000-mile interval more than quadrupled the number that occurred in the first 
1000-mile interval.   Miles per replacement action decreased from 205 in the 
first 1000-mile interval to 43 miles in the sixth 1000-mile interval.   This is 
indicative of the loss in reliability and availability that B Go's tanks are expe- 
riencing as their age in mileage increases.   It will also be noted that although 
maintenance activity involving parts replacement increases as mileage in- 
creases, it increases at a slower rate. 

In Fig. F2 a comparison is made of the parts-replacement activity per 
tank of B Co with the battalion less B Co and the total battalion.   During the 
first 1000 miles of operation the replacement activity of B Co's tanks was 
about the same as the rest of the tanks in the battalion.   Over the following 
2000 miles of operation, B Co's tanks performed somewhat better than the 
other tanks in terms of parts replacement.   As illustrated in previous figures, 
this figure also shows the pronounced increase in replacement activity that 
takes place in the third IGOG-mile interval.   It will be noted in the fourth and 
fifth 1000-mile intervals that the battalion less B Co shows a decrease in re- 
placement activity.   The recorded replacement data provide no indication as 
to why this decrease in activity took place.   It may have been caused in part by 
the anticipated turn-in of these tanks for overhaul.   It is also possible that 
maintenance work was performed but not actually recorded. 

Figure F3 presents the total quantity of parts replaced on the battalion's 
tanks and the average number of parts replaced per tank by B Co and the 
battalion less B Co over the several 1000-mile intervals.   This chart is based 
on a count of the individual parts replaced as identified by FSNs.   For example, 
replacement of a complete set of tank track would be recorded as 162 track- 
shoe assemblies, FSN 2530-337-6969, and such recordings were counted as 
162 parts.   When the previous statement is related to the mean track life, 
which for this battalion was found to be 2205 miles, it can be deduced from 
the figure what degree of impact track replacement had on the number of parts 
replaced in the third 1000-mile interval.   The chart further provides a good 
indication of the volume of parts required to support a battalion of tanks during 
approximately 2 years and 290,000 miles of utilization. 

The parts (identified by FSN and nomenclature) having the highest frequency 
of replacement demands for B Co's tanks are shown in Table F2.   For compara- 
tive purposes the frequency of replacement of these parts is also shown for the 
1st Bn, 33d Armor, less B Co and the 2d Bn, 37th Armor.   From this table it 
will be noted that parts related to the suspension system have the highest in- 
cidence of replacement.   Only parts that had been demanded in 15 or more 
replacement actions were included in the list. 

B Co's maintenance records show that 11,777 parts have been replaced. 
When these parts are identified by FSN it is found that these 11,777 parts 
represented 418 stock numbers.   An analysis of parts replacements in relation 
to FSNs is presented in Fig. F4. From this chart it can be seen that 57 percent 
or 238 FSNs were replaced once whereas only 17 percent or 63 FSNs were re- 
placed five times or more.   Of the later FSNs, 23 are related to the parts 
nomenclature listed in Table F2.   Starters and road wheels are identified by 
two individual FSNs each.   The distribution shown in Fig.  F4.is very similar 
to that of the battalion as a whole and to that found for the 2d Bn, 37th Armor, 
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4th Armd Div.   The distributions of the FSNs used by the 1st Bn, 33d Armor, 
and the 2d Bn, 37th Armor, are presented in Figs. F5 and F6 respectively. 
Although the distributions shown in these figures are quite similar when they 
are considered in relation to Table F2, it can readily be seen that a stockage 
list based on any one of these units would not provide an effective list for 
either of other units.   (A list of the parts replaced, identified by FSN, appears 
in Table F3.) 

TABLE   F2 

Federal Stock Numbers Most Frequently Used in Replacement Actions in B Co 

Compared to Their Frequency of Replacement in  the   1st Bn, 

33d Armor, less B Co and  the   2d Bn, 37th Armor 

FSN Nomenclature 

Replacement actions per 1000 miles 

Coa 1st Bn,33d Armo 
less  B Cob 2d Bn, 37th Armorc 

1220- 
2815- 
6! 05- 
2.530- 
2920- 
2920- 
1240- 
2530- 
2530- 
2540- 
2910- 
2590- 
2540- 
5315- 
6240- 
2530- 
2530. 
6240 
2530 
5330 
2530 
2530 
2530 

675-1173 
679-4963 
873-5379 
78t-9293 
710-1752 
796-2616 
676-2178 
602-5741 

■678-3159 
711-0661 
678-3490 

■693-3604 
678-9030 
769-9609 

■019-0877 
■318-0229 
■602-5740 
■368-4972 
•678-3161 
•678-4753 
-678-1133 
-784-9292 
-337-6969 

Computer 0.154 
Engine 0.165 
Motor, blower 0.154 
Plate 0.154 

Starter 0.165 

Telescope M105C 0.165 
Shim 0.175 
Retainer, road wheel 0.186 
Seal 0.186 
Filter, fuel 0.196 
Seal, hatch 0.196 
Seat 0.196 
Pin 0.237 
Bulb 0.258 
Sprocket.  F. 0. 0.320 
Pin assembly 0.330 
Head lamp 0.3 ? 1 
Excluder, road wheel 0.381 
Seal, arm assembly 0.381 

Wheel, road 0.433 

Shoe, track assembly 0.526 

0.018 
0.078 
0.128 
0.037 

T.ioo 
0.005 
0.073 
0.201 
0.161 
0.151 

0.123 
0.256 
0.119 
0.178 
0.128 
0.151 
0.379 
0.129 

0.301 

0.452 

0.007 
0.188 
0.029 

0.442 

0.0 u 
0.051 
0.058 
0.051 

0.181 
0.59 
0.290 
0.116 
0.181 
0.261 
0.1.28 

0. 239 

0.341 

a5700 average miles/tank. 
''3800 average miles/lank. 
c2500 average miles/tank. 

The replacement rates öf a number of items selected because of their 
high-dollar cost and importance to tank operation are shown in following 
figures.   B Go's tank-engine replacement rate is shown in Fig. F7, where it 
is compared with the engine replacement rate of the battalion less B Co and 
to the rate of the total tank sample (640 tanks).    From the comparison of B Co 
with the battalion less B Co it can be seen that the company's tanks over the 
first 100 miles of operation experienced a higher proportion of replacements 
than did the other tanks in the battalion.   If these early replacements are 
ignored it will be noted that the replacement rate of the B Co tanks approximates 
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the rate developed by the other tanks in the battalion.    From the comparison     ' 
made between the engine replacement rate of the total USAREUR sample of 
640 tanks wxth that of B Co it can be seen that   after the early replacements 
the engines of the company's tanks performed somewhat better than did those 
of the total sample.   The replacement rates related to the total sample are 
shown on the several charts only up to 3200 miles because the number of tanks 
havmg experience beyond this mileage is relatively small.   The same compari- 
sons as made above are shown in Fig. F8 for the tank transmissions.  From this 
chart zt can be seen that, as was the case with engines, B Go's tank transm'sfoL 
did not perform as well as those of the remaining tanks in the battalion but did 

ChartrShe     %    ^ t0.tal ^^ SamPle-   It " alS0 quite öbvious f-™   his chart that the replacement rate for transmissions is moderate even out to 
6000 mUes     From these comparisons it can also be seen that all tanks in the 
1st Bn, 3Jd Armor, performed better than those in the USAREUR sample     This 

USIRF™ y ^f ^ ln direCti0n 0f the -Placement-rate curve for the 
USAREUR sample tanks that occurred during the second 1000 miles and the 
more pronounced slope of the curve. 
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replacement 
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reptacement 

33d Armor 
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replacement 
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DISTANCE TRAVELED, MILES 
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Fig. F9—Rates of Replacement of Track-Shoe Assemblies of M60 Tanks 

t^ri/  ,    g'        thf ,same comparison is made for track-shoe assemblies.   The 
track-shoe-assembly replacement rates for first, second, and third replace- 
ments are shown.   The first replacement is the replacement of the origina 
track shoes    This figure shows that all the original track on B Go's tanks was 
replaced between 1900 and 2800 miles and that the other tanks in the batUlfon 
had 100 percent replacement between 1600 and 3200 miles.   From this chart 
it can be seen that although B Co experienced track replacement somewhat 
later, the rate of replacement was very similar to the replacement rate for 
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the other tanks in the battalion.   Based on the data from which the first replace- 
ment curves were derived, an average of 2200 miles was calculated as the life 
of M60 tank track, and this average can be observed by an examination of these 
curves.   It is believed that this track life represents the most accurate figure 
available, for the track supply situation at that time was such that it could 
readily meet the demands.   It is quite probable that after that time numerous 
tanks continued to use track beyond the period where inspection justified re- 
placement.   This may have occurred because of the general unavailability of 
tank track and because of the unsatisfactory experience of 1st Bn, 33d Armor, 
with rebuilt track.   The low mileage life of the first replacements can be seen 
by a comparison of the first and second replacement curves ofthe company or 
battalion.   It is probable that the first replacement track was a combination of 
new and rebuilt track.   The quality of this rebuilt track can be demonstrated 
by the decrease in mean track life from 2200 miles to approximately 1400 miles. 
It also appears that the second replacement was affected by the use of rebuilt 
track.   Although the replacement rate for the USAREUR sample shows that 
track replacements occurred much earlier the figure indicates that after 1600 
miles the rates curves are quite similar.   Tank experience beyond 3000 miles 
was limited for the total sample and beyond 4000 miles for the 1st Bn, 33d 
Armor, less B Co.  This limitation is reflected in the replacement rates in this 
and following figures. 

The replacement rates for two additional suspension-system parts are 
presented in Figs. F10 and Fll.   The replacement rate for the final-drive 
sprockets shown in Fig. 10 is similar to that of the first track replacement 
but occurs later in the mileage life of the company's tanks and later in the 
mileage life of the battalion-less-the-company's tanks.   A rotation of the 
sprocket wheels was made at approximately 1400 miles.    For the USAREUR 
sample the sprocket and first-track-replacement rates were the same out to 
1600 miles.   After this mileage, however, the sprocket-replacement rate was 
less pronounced than that of the track.   On the M60 tank the road and idler 
wheel are identified by the same FSN and the replacement rate developed was 
based on this rather than on the position the wheel occupied in the suspension 
system.   The replacement rates based on quantity for road and idler wheels 
is presented in Fig. Fll and shows that this item required only moderate re- 
placement through 3800 miles in the Ist Bn, 33d Armor.    After this mileage, 
however, B Go's cu'-ve indicates a marked increase in wheel replacement. 
The replacement curve of the USAREUR sample is very similar to that of the 
battalion out to 2500 miles, at which point a more pronounced replacement 
rate begins to develop.   The replacement rates for generators, starters, and 
fuel-injection pumps are shown inFigs.F12 to F14. For these parts, as for the 
previous.three, B Go's tanks experienced somewhat better performance than 
did the other tanks in the battalion or the total sample as a whole.   No effort 
has been made to extrapolate the rates pertaining to the battalion less B Co 
or the USAREUR sample beyond the actual data experience.   Although additional 
replacement-rate comparisons could be presented it is believed that the samples 
offered above are sufficient to demonstrate the replacement experience of tanks 
with nearly 6000 miles of usage and to provide some worthwhile comparisons. 

From the data collected on part replacements it is possible to differentiate 
between those made in relation to scheduled maintenance from those performed 
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as nonscheduled maintenance.   A graphic presentation of an analysis made on 
the above basis of the replacement data from B Co and from the 1st Bn of the 
33d Armor, less B Co is shown in Fig. F15.   From this figure it can be seen 
that a greater percentage of maintenance actions involving the replacement 
of parts occurred during scheduled maintenance on B Co tanks than on the 

100 

80 
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|   40 

USAREUR 
sample 

33d Armor    less B Co 
/ 

/"" B Co 

1  

1000 2000 3000 4000 
.  DISTANCE TRAVELED, MILES 

5000 6000 

Fig. Fi4—Rates of Replacement of Fuel-Injection Pumps of M60, Tanks 

battalion less B Co.   The total number of replacement actions represented are 
1463 for B Co and 2835 for 1st Bn, 33d Armor, less B Co.   The percentage of 
the quantity of parts replaced in the performance of these actions related to 
scheduled and nonscheduled maintenance is shown in Fig. F16. 

Adjustment, Repair, and Replacement 

Based on a broad and thorough review of equipment logbooks it appears 
that, more emphasis is placed on the recording of information pertaining to 
parts replacement than to the adjustment and repair type of maintenance per- 
formed.   The-tetter^ctions^ however, are of no small consequence in relation 
to time, labor, tank performance, and money.   As mentioned previcfu^ly, the 
data bank for the "depth units," 1st Bn, 33d Armor, ind the 2d Bn, 37 Armor, 
contains all recorded maintenance actions.   An examination of these data shows 
that only about 25 percent of the total recorded maintenance actions pertain to 
adjustment- and -repair-type maintenance.   Only a limited analysis has been 
made of this type of data.   For several of the analyses, adjustment and repair 
actions have been combined because of the almost one-to-one ratio of adjust- 
ments to repairs (230 adjustments and 253 repairs) and because of the limited 
quantity of this type of data. 
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All adjustment, repair, and replacement activities recorded in B Co aie 
shown cumulatively distributed over 6000 miles of tank usage in Fig. F17; 
Both the combined adjustment and repair curve and the replacement curve 
show an increase in activity after 2000 miles with the rate of increase more 

IUU 1 i i           i           i       y 
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Fig. F17—Recorded Adjustment, Repair, and Replacement Actions 

for M60 Tanks of B Co, 1st Bn, 33d Armor 

pronounced in the replacement curve.   After 3000 miles both curves show a 
change in direction indicating a change in the rate of activity.   Although the 
rate of change in relation to total activity for adjustment and repair actions 
appears to be increasing at a lower rate after the third 1000-mile interval, 
the limited observation between these two mileage points must be kept in mind. 
When the adjustment and repair actions are combined the derived curve shows 
the rate of increase indicated in Fig. F17.   From the distribution shown in 
Fig. F18 the variations that occur in the adjustment and repair activity for the 
several mileage intervals are quite obvious.   These variations must be kept in 
mind when considering the combined cumulative curve  shown in  Fig. F17.   It 
should be noted that these charts are based on recorded activity only and al- 
though these recorded activities are incomplete they do provide some indication 
of the scope of nonreplacement maintenance activity and are therefore included 
to present as broad a view as possible of the maintenance performed. 

Figures F19 and F20 show the average number of recorded adjustment 
and repair maintenance activities per tank for the 1st Bn, 33d Armor less B Co, 
and the 2d Bn, 37th Armor, respectively.   In the battalion less the company the 
combined adjustment and repair activity was approximately 25 percent of the 
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total maintenance data collected.   In the 2d Bn, 37th Armor, it was about 20 per- 
cent of the total maintenance data collected.   By comparing Figs. F18 to F20 it 
can be seen that the data showed no well-defined trends and that wide variations 
occurred between the two battalions.   A comparison is made in Fig. F21 of the 
average number of all adjustment, repair, and replacement activities performed 
per tank by B Co and by the battalion less B Co.   The percentage of the total 
actions performed by second- and third-echelon maintenance as distributed 
over the various mileage intervals is shown for B Co; 1st Bn, 33dArmor, less 
B Co; and the 2d Bn, 37th Armor, in Figs. F22, F23, and F24 respectively. 
From these charts it is quite obvious that the largest proportion of the main- 
tenance activities were performed at the second echelon.   Of the total actions, 
less than 15 percent were performed at the third echelon.   As may be noted 
from the figures the maintenance load at this echelon was relatively constant. 

In Fig. F25 the data pertaining to adjustment and repair activity, like that 
of parts replacements, are identified in relation to scheduled and nonscheduled 
maintenance.   From this chart it can be seen that 62 percent of the combined 
adjustment and repair actions recorded by B Co were related to scheduled 
maintenance.   This figure is 40 percent greater than that of the battalion less 
B Co.   The result of combining the former activities with the replacement 
activity on this basis is shown in Fig. F26.   This figure shows that 37 percent 
of all maintenance actions recorded by B Co were related to scheduled mainte- 
nance and that 21 percent of the total was replacement activity.   For compara- 
tive purposes the chart includes the results of the same analysis made of the 
data from the battalion less B Co.   These charts provide some indication of 
the importance of scheduled maintenance in the operation of B Co's tanks. 

Direct Labor Man-Hours 

Direct labor man-hours are those used in performing tank maintenance 
involving either adjustment, repair, replacement, or inspection actions.   These 
types of data were collected to the greatest extent possible, but only a limited 
quantity was available.   In the 1st Bn of the 33d Armor, only,35 percent of all 
adjustment, repair, and replacement data collected contained the number of 
man-hours used to perform the maintenance action.   For B Co   only 37 percent 
of the data collected showed man-hours.   Because of the paucity of recorded 
data on this subject   no conclusions could be drawn. 

The analysis has been restricted to the adjustment, repair, and replace- 
ment actions.   When these actions were performed during an inspection and 
only the total number of hours required for the inspection was recorded, no 
effort was made to allocate the time to the separate actions performed. 

Tables F4 to F6 show the number of maintenance actions recorded and 
the number of actions for which man-hours were recorded, segregated by 
maintenance echelon and distributed by 500-mile increments, for B Co and 
the 1st Bn of 33d Armor, less B Co.   Based on the actual number of man-hours 
recorded, the average number of man-hours per tank per 500 miles for the 
combined adjustment, repair, and replacement actions is shown in Fig. F27 
for B Co and 1st Bn of 33d Armor, less B Co.   The marked increase in the 
average number of man-hours per tank in the intervals between 1500 and 3000 
miles again reflects maintenance activity related to the tank's suspension 
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system. The drop in maintenance man-hours for the battalion less B Co after 
3000 miles may be due in part to the overhaul program that was being put into 
effect at that time. 

< K 

1QG0 2000 3000 4000 

DISTANCE TRAVELED, MILES 
5000 6000 

Fig. F27—Average Maintenance Man-Hours for Adjustment, Repair, and Replacement Actions 

per   M60 Tank of B Co and 1st Bn, 33d Armor, less B Co 
Actual recorded man-hours—Of all recorded mainrenance 

-   ■ activity collected,  only about 35 percent contained the 
number of man-hours used in the maintenance 

performed. 

B Co 1st Bn, 33d Armor,  less B Co 

Parts-Replacement Cost 

Through a careful search of price list manuals and Seventh Army stockage 
lists8-12   an effort was made to assign a cost figure to all parts-replacement 
cards.   The parts for which a price was not obtained represent less than 1 
percent of the total cost figures developed.   Engines and transmissions were 
priced at 30 percent of list price.   AH other parts were charged at fuU'list 
price, as no rebuild-cost figures for direct-exchange items have been developed. 
The replaced parts identified by FSNs were shown in Table F3, which shows the 
number of replacement actions made of each FSN distributed by 500-mile incre- 
ments.   The number of man-hours (either the average where several parts were 
replaced and man-hours were recorded or the man-hours recorded when a single 
replacement was made) are also included.   These data are based on the recorded 
information and although several of the part numbers appear to be drawing num- 
bers, they were included and counted as FSNs. 
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The total cost of parts replaced on B Go's 17 M60 tanks during 37 months of 
operation was $415,500.   The average cost per tank for this period was S24 400 
The average parts cost per month for the company was $10,700.   Three item's- ' 
engines, transmissions, and track-shoe assemblies-accounted for approximately 
79 percent of the total parts-replacement cost.   Forty-six percent or $192,000 
of the total cost was spent on track-show replacement; 30 percent or $123 500 
lor engine replacement; and 3 percent or $13,900 for transmissions.   The cost 
of the latter two parts represents 30 percent of list price. 

The cumulative percentage of the total parts-replacement cost distributed 
over 6000 miles by 500-mile intervals is shown in Fig. F28.   The sharp increase 
in the rate that occurs between 2000 and 2500 miles reflects the cost of track 
replacement combined with the cost of three engine replacements.   From this 
chart it can be seen that after 2000 miles of utilization B Go's tanks experienced 
a marked increase in parts-replacement cost.   In Fig. F29 a graphic representa- 
tion is made of the average parts cost per tank by 1000-mile intervals.   For 
comparative purposes the average costs per tank of B Go, 1st Bn, 33d Armor 
less B Co and the 2d Bn, 37th Armor, are presented.   The relatively high average 
cost occurring in the first 1000-mile interval for both B Go and the 2d Bn   37th 
Armor, reflects the replacement of several engines.   The marked increase that 
occurs between 2000 and 3000 miles in all units is the result of truck replace- 
ment.   The peaking of the curves of B Go between 3000 and 4000   and again 
between 5000 and  6000 miles is   dso the result of suspension-system-part 
replacements.   The sharp decline in the average cost of the tanks of the battalion 
less B Go between 4000 and 5000 miles is the result of the anticipated withdrawal 
of the tanks and the reduction in the number of tanks that did occur at that mileage. 

In Figs. F30 to F32 the average cost per mile per tank by 1000-mile incre- 
ments is shown for engines, transmissions, track, and the total of all other parts. 
A comparison is made in each figure between the average cost per mile for B 
Co and for the total USAREUR tank sample.   When the cost figures in these bar 
charts pertaining to B Co are related to the cumulative cost curve  shown  in 
Fig. F28, the effect of engine and track-shoe replacement on the shape of the 
curve is apparent.   The variation in the average cost per mile in the different 
1000-mile increments is obvious from these charts. 

In Table F7 the average cost per mile per tank for the total miles observed 
is shown for B Co, 1st Bn, 33d Armor, and the total USAREUR tank sample.   In 
developing these figures the cost of replacing track shoes has been amortized 
over 2200 miles.   The amount contributed to the total cost by engines, trans- 
missions, and other parts is also shown. 

B   CO  ROAD  MARCHES-HYPOTHETICAL  AND ACTUAL 

In Vol I of this technical memorandum the concept of a hypothetical 50- 
mile road march was introduced.   A road march of 50-mile duration was 
selected because from the observations made by RAG personnel of several 
road marches with different models of tanks, it was found that any impairments 
within the first 100 miles were most likely to occur in the first 50 miles.   The 
objective of the hypothetical march was to derive a measure of probable mission 
completion without impairment because of replacement of the prime mobility 
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TABLE   F7 

Average Cost of Parts per Mile per Tank   over the Total 

Number of Miles of Operation Observed 

Ports 
Cost, dollars/ 

mile/tank 
Cost, dollars/ 

month/tank 

8 Co (162 Average Mile/Month; Average 5700 Miles/Tank) 

Engines 
1 ransmissions 
Other parts 
Track (amortized 2200 miles) 

1.28 
0.14 
0.89 
2. Of, 

207.3ö 
22.08 

144.18 
382.10 

Total 4.:i6 706.32 

1st Bn, 33d Armor (161 Average Mile/Month; Average 3850 Miles/Tank) 

Engines3 

Transmissions 
Other parts 
Track (amortized 2200 miles) 

Total 

0.84 
0.11 
0.68 
2.05 

3.68 

135.24 
17.71 

109.48 
330.05 

592.48 

USAREUR   Tank Sample 
(130 Average Mile/Month; Average 2750 Miles/Tank) 

Engines 
Transmissions 
Other parts 
Track (amortized 2200 miles) 

Total 

1.19 
0.19 
0.32 
2.05 

154.70 
24.70 
41.60 

266.50 

487.50 

aAt 30 percent of list price. 

TABLE   FB 

Prime Mobility Parts and Assemblies, M60 Tank 

rower train 

■ 

Sprocket hub 

Knglne  (diese 1) Support  roller wheel 

Final drive (left and right) Track shoe assembly 

Oil cooler radiator (engine and Track tension adjusting link assembly 
transmission) Electrical system 

Transmission Battery 
Transmission valve assembly Engine generator 

furbo supercharger aasemblv (i.ii Kngine gcniirator regulator 
and Hll) Master refaj 

Suspension system Starter 

Compensating idler wheel arm ass embK Starter re ia\ 

Compensating idler wheel hub Fuel system 
I- inal drive sprocket i uel  injeclmn nnz/le  and bolder 
Road and  idler wheel 1 lie 1 lank disc harge pump 

Road wheel  huh Metering fuel injeei [on pump 
Road wheel arm assemblv 
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parts shown in Table F8 (see also App D).. The method developed to accomplish this 
objective was applied to the pertinent data CQllected from B Go's tanks.   la tho 
calculations these data were related to the actual avs rage utilization rate Of 
B Go's tanks (162 miles per month) and to the average utilisation rate observed 
for the total tank sample (130 miles per month).   The results of these calcula- 
tions are shown graphically in Fig. F33, where a comparison is made between 
B Co and the total USAREUR sample.   This figure sh.nvs the percentage of tanks 
that are not expected to complete the 50-mile road march in relation to their 
miles of operation since issue.   The shaded areas on tin charts show the pre- 
dicted percentages of tanks expected to be unable to leaWthe tank park because 
of some impairment. Thehatched areas on the charts iftöicate the total percent- 
ages of tanks expected to be unable to complete the marc!  bccuasc of priim«- 
mobility-part deficiencies.   It was assumed that the parts deficiencies experi- 
enced on the road march would occur at the same mileage frequency as that 
calculated for the average of these parts observed lor taaks of a given age. 
The height of the bars in the figure reflects the mileage frequency thai occurred 
for the selected parts replacements and again shows the      fiuenee of suspen.sion- 
parts replacements.   It will be noted in Fig. F33a that a 20 percent reduction in 
the average miles per month, 162 to 130 miles per month, did no! produce a 
commensurate change in the percent of tanks unable to complete the march. 

In relation to the above figure it is interesting to note the foUowmg excerpt 
from a CINCUSAREUR message13 toRUEPDA/DA discussing this eompaiiv's tanks. 

c.   Operational reliability of tanks and effect upon unit operational rcliahiuty:   nil 
tanks cannot be relied upon to complete a mission requiring a road mxw ih -it over 35 miles. 
During a recent readiness test, out of 16 vehicles, 3 vehicles from Ihis company failed to 
leave the tank park area, another became a drop-out in less than five mhes ami two otheri 
became non-operational during the returr read march to home station.   \ oar of these 
vehicles required extensive repair and parts replacement.   Specific cempntienl laihnv.s 
were:   two fuel pumps, one transmission and one engine. 

This message was sent in April 1964, and the average mileage on Use hmks 
at that time was approximately 5600.   Relating this mileage to Fig. F33a it is 
found that IsVs percent or 2i/-2 tanks were expected to be unable to leave the 
tank park, and 37 percent or approximately 6 tanks would be unable to complete 
the march.   The latter figure includes the tanks that were nonstarler.s.   Although 
the number of tanks indicated in Fig. F33a as being unable to start lln   road 
march and to drop outduringthe march closely correspond to those acaiallv 
experienced, it is not implied that such correspondence would always o 'cur. 
In fact the exact opposite happened during Operation BIG  LIFT.   This Operation 
took place in Oct-Nov 1963, and at that time the average mileage on IS CD's 
tanks was approximately 5000.   On 26 October this company road-mareh.d 
about 100 miles, and all tanks moved out and completed the march.   According 
to Fig. F33a it would be predicted that 7 percent or 1 tank probably would not 
have been able to move out and that 10 percent of the company's tanks would 
have dropped out of the march at that time.   The excellent showing made on   ■ 
this march was very likely the result of the quantity and quality of mauitemmce 
performed on these tanks just prior to the exercise.   If the time allowed lot  the 
extensive preparation for this exercise had not been available, B Co probably 
would have experienced tank dropouts more closely corresponding to the number 
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indicated in Fif.'.  F33a.   Returning to their home station after Operation BIG 
LIFT the company had 9 tanks fail on the 110-miie march whereas only 1 of 
the other tanks in the battalion became nonoperational. The latter tanks averaged 
less than 1000 miles of operation.   One additional example of this company's 
road-march experience is given in the CINCUSAREUR message.   A readiness 
test held in Decernber included a road march of 35 miles during which 7 out of 
the company's 16 tanks became nonoperational.   Although the number of tanks 
that became nonoperational during the latter road marches discussed do not 
correspond with those indicated by the hypothetical curve, it should be noted 
that the method was developed to provide indications and is based on a limited 
number of parts that could cause a tank to become nonoperational.   Both the 
hypoU'.<?tical and actual road-march experience show the loss of operational 
reliability that is taking place in B Go's tanks. 
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COMMENTS OF THE  USER 

■   - 

In addition to the above quotation the CINCUSAREUR iiH>}t.s.i»:i« «-«.Maincd 
the following comments on B Go's tanks. 

B.   The tanks presently assigned are not considered ctipabk' w( |H-r ^ WJHg HMl 
assigned mission for any significant period of time. 

D. Change in maintenance workload in the past year:   The maiiilirna««* ««»rösMisl 
on these tanks has increased primarily because replacemenl of out» eonipoilt'lrt Miwally 
is followed closely by the replacement of a related component, i.e., a» ttupm* U»*! Is 
burning excessive oil or failing to develop full power is rcphicitl; in a very «hört linw 
the transmission requires replacement.   (This latter failure may hi !tu- ri'Milt »f in- 
creased engine power on a worn component or normal wearou; {rf l!u- <*«iiuntin(P»l,| 
Additional workload has been experienced in replacing seals, road wllrrl iM'anris» and 
road wheel arms that are becoming worn out. Further, many hours urv <l(rt«lt«<J fe» rtt»*il 
a,nd local fabrication of items such as finders, fender boxes, etc., llutl art- «as in Ihr 
supply system. . 

E. Effect of present vehicle condition upon unit readiness:  the Mnr«'l»l»il»H' »I 
the tanks of this company reduces the combat effectiveness of this bauallon by 3« iwrec«!.. 
Since these vehicles cannot be rehed upon to complete a normal roatt nmrch awl prrlornj 
a combat type mission-they are normally employed in a reserve lolc whrrw ihelr in»»*«" 
ment will be held to a minimum and they can receive the maximum s-iiifMHi (r»«» «hf 
organization's maintenance platoon.   The additional suppor'. reqniml by iJlis c«»l«|>aBy 
detracts from the support other vehicles in the battalion should receive. 

3:   la view of the circumstances listed'above, it is recomniewki! ilwl slw runvn« 
test which involves only Company B, 1st Bn, 33d Armor be disconlimii-«! , . . , 

The comments made in paragraph D are substantialed l>r Hit» rerwded 
maintenance data presented above.   All supply items noted her;- shown an in- 
crease in replacement over the last 1500 miles of tankoperuiimi,thieequmileni 
of approximately 1 year of operation.   It should be noted that for the last 3000 
miles the recorded part, replacement activity has shown no marked inrreasv 
and appears to be leveling off.   The user's comments in paragraph E regardinji 
the operational reliability of these tanks are an indication of the ronil>at readi- 
ness of these tanks, based on the road-march experience and the maintenance 
data shown above. 
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